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Abstract 

Background: Perinatal morbidity rates are relatively high in the Netherlands, and significant inequalities in perinatal 
morbidity and mortality can be found across neighborhoods. In socioeconomically deprived areas, 'Western' women are 
particularly at risk for adverse birth outcomes. Almost all studies to date have explained the disparities in terms of individual 
determinants of birth outcomes. This study examines the influence of neighborhood contextual characteristics on birth 
weight (adjusted for gestational age) and preterm birth. We focused on the influence of neighborhood social capital - 
measured as informal socializing and social connections between neighbors - as well as ethnic (minority) density. 

Methods: Data on birth weight and prematurity were obtained from the Perinatal Registration Netherlands 2000-2008 
dataset, containing 97% of all pregnancies. Neighborhood-level measurements were obtained from three different sources, 
comprising both survey and registration data. We included 3.422 neighborhoods and 1.527.565 pregnancies for the birth 
weight analysis and 1.549.285 pregnancies for the premature birth analysis. Linear and logistic multilevel regression was 
performed to assess the associations of individual and neighborhood level variables with birth weight and preterm birth. 

Results: We found modest but significant neighborhood effects on birth weight and preterm births. The effect of ethnic 
(minority) density was stronger than that of neighborhood social capital. Moreover, ethnic (minority) density was associated 
with higher birth weight for infants of non-Western ethnic minority women compared to Western women (15 grams; 95% 
CI: 12,4/17,5) as well as reduced risk for prematurity (OR 0.97; CI 0,95/0,99). 

Conclusions: Our results indicate that neighborhood contexts are associated with birth weight and preterm birth in the 
Netherlands. Moreover, ethnic (minority) density seems to be a protective factor for non-Western ethnic minority women, 
but not for Western women. This helps explain the increased risk of Western women in deprived neighborhoods for adverse 
birth outcomes found in previous studies. 
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Introduction 

Despite free and high quality perinatal health care in the 
Netherlands, perinatal morbidity and mortality rates in this 
country remain relatively high compared to other European 
countries [1]. There are also large perinatal health inequalities 
between poor and wealthy urban neighborhoods [2]. In the 
second largest city, Rotterdam, neighborhood-specific preterm 
birth rates range from 34 to 153 per 1.000 births, and perinatal 
mortality ranges from 2 to 34 per 1000 births [3]. These are 
among the highest recorded disparities in birth outcomes across 
neighborhoods in any developed country. 



On average, Western women show better birth outcomes than 
non-Western ethnic minority women, many of whom are first or 
second generation immigrants [4]. However, in 2008 a study 
indicated that in poor neighborhoods in the Netherlands, Western 
women appear paradoxically to be at higher risk for adverse birth 
outcomes compared to non-Western immigrant women [5] . These 
results were recendy confirmed by a study on social deprivation 
and adverse perinatal outcomes among Western and non- Western 
pregnant women in Rotterdam [6]. 

Previous studies conducted in the Netherlands on birth outcome 
inequalities across neighborhoods and ethnic groups have mosdy 
focused on individual-level determinants. Factors such as increased 
maternal age, non-Western ethnicity, and unhealthy lifestyle have 
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been shown to be associated with adverse birth outcomes [7]. 
However, these individual factors cannot fully account for the 
between-neighborhood variation observed in birth outcomes. In 
other words, area-level disparities in birth outcomes are not purely 
attributable to compositional effects, i.e. the result of clustering of 
people with certain health characteristics in certain neighbor- 
hoods. There may be also contextual effects of neighborhood 
characteristics affecting health outcomes over and beyond the 
influence of individual determinants. 

One study considered the effects of neighborhood income and 
deprivation on birth outcomes in Amsterdam, the largest Dutch 
city. This study only found 'small-for-gestational age' (SGA) to be 
associated with neighborhood income and deprivation [8]. 
Outside of the Netherlands, studies have found associations 
between a variety of neighborhood characteristics (including 
neighborhood socioeconomic status, social capital, and crime 
rate) and birth weight [9-11], preterm birth [12-14] and small- 
for-gestational-age [8,15,16]. 

Neighborhood social capital, ethnic (minority) density 
and birth outcomes 

An important source of resilience for residents of deprived 
neighborhoods is the level of 'social capital'. The social capital of a 
neighborhood is measured by a) the extent of reciprocal exchanges 
between residents (i.e., the willingness of neighbors to help each 
other in times of need), b) the ability of residents to undertake 
collective action for mutual benefit (i.e., collective efficacy), c) the 
extent of social connections between members of a community, 
and d) trust. Trust is either seen as a component of social capital or 
as a result of social capital. Either way, trust is viewed as critical 
because without trust it is difficult to exchange favors or solve 
collective problems [17,18]. For example, if A asks B to do a favor 
for her (e.g., look after her young children while she attends the 
prenatal clinic), B is more likely to agree to help if she trusts that A 
will repay the favor at a later date. Similarly, residents of a 
community are more likely to volunteer their time and effort to 
solve collective problems if they trust that their neighbors will also 
make an effort (as opposed to free-riding on the hard work of 
others). A neighborhood that is high in social capital is therefore 
one in which residents are constandy helping one another, with 
the result that some of the stresses associated with material 
disadvantage can be overcome or mitigated. 

Past studies have repeatedly demonstrated an association 
between neighborhood social capital and adult morbidity and 
mortality [19-21]. Literature on neighborhood social capital and 
birth outcomes is scarce. Buka et at. and Morenhoff et at. found 
that neighborhood social capital is associated with higher birth 
weight [9,10]. 

Another potentially relevant neighborhood attribute in the 
context of population health is the proportion of non- Western 
ethnic minority residents [22] - commonly referred to as 'ethnic 
density'. In this study, we prefer to use the term 'ethnic minority 
density '. This is because the usage of the term 'ethnic density' 
reflects a limited definition of ethnicity - namely as a characteristic 
that only applies to minority groups, assuming that majority 
groups do not have any ethnicity. 

In theory, neighborhoods with high ethnic minority density 
could exert divergent effects on the health of residents. On the one 
hand, a high spatial concentration of ethnic minorities could boost 
residents' sense of solidarity and cohesion, whilst minimizing 
contact with the majority group in society and thereby possibly 
reducing exposure to discrimination. This predicts that living in an 
area with high ethnic minority density might be protective for the 
health (and particularly the mental health) of residents. On the 



other hand, the presence of high ethnic minority density also 
suggests a spatial concentration of disadvantage (residential 
segregation and 'ghettoization'). This may be harmful to health 
because of the lack of services and amenities, or the high 
prevalence of crime and other pathologies of poverty [22]. 

Studies of ethnic minority density and birth outcomes remain 
scarce and have found conflicting results. Some studies found that 
ethnic minority density was protective for certain ethnic minority 
groups for birth weight [16,23] and preterm delivery [14,16]. 
Other studies did not find ethnic minority density to be protective 
for ethnic minorities [9,24,25]. 

To our knowledge, all of the studies on neighborhood social 
capital and/or ethnic minority density on birth outcomes have 
been conducted in English-speaking countries, predominantly in 
the United States, Canada, and to a lesser extent the UK. 
However, as it has been argued by Poeran et at., the majority and 
minority groups in these countries are quite different to those in 
Europe in terms of ethnic origin and migration histories [6]. 
Moreover, the previous literature almost exclusively focuses on 
single urban populations, therefore using a much smaller 
individual and neighborhood sample size. Another limitation of 
the previous studies is that they often fail to adjust for all of the 
known relevant neighborhood level variables. Lastly, only one 
previous study by Buka et al. assessed the joint effect of ethnic 
minority density and neighborhood social capital with birth weight 
[9]. 

Aims of this study 

We sought to explore the association of neighborhood social 
capital and ethnic minority density with birth weight (adjusted for 
gestational age) and rates of premature births in the Netherlands. 
We assessed whether these associations persist after accounting for 
individual risks and other relevant neighborhood economic and 
environmental conditions. Lastly, we examined if neighborhood 
social capital and ethnic minority density can help to explain the 
increased risk of adverse birth outcomes among Western women 
living in deprived neighborhoods (compared to non-Western 
ethnic minority women). 

Methods 

Ethics and consent 

The Perinatal Registration Netherlands committee approved 
this study. Written consent from pregnant women was not needed 
as the database protects their anonymity. 

Data sets 

We combined four national data sets in the Netherlands on the 
basis of four-digit zip codes. Data on birth outcomes were obtained 
from the Netherlands Perinatal Registry, and data for neighbor- 
hood characteristics were derived from a) the Housing & Living 
Survey [26], b) the Netherlands Institute for Social Research, and 
c) Statistics Netherlands. These latter three data sets were open- 
source and based on survey and civil registration data. All of the 
data sets used in this study were nationally representative and 
covered the vast majority of inhabited four-digit zip codes areas 
(neighborhoods) in the Netherlands. The individual perinatal data 
was collected from 2000-2008, whilst the neighborhood charac- 
teristics were collected during 2005-2006. 

In our final analysis we included 3.422 neighborhoods and 
1.527.565 and 1.549 285 singleton pregnancies for the birth 
weight analysis and the preterm birth analysis, respectively. 
Figure 1 shows the exclusion process for the neighborhoods. We 
excluded 580 neighborhoods (about 14% of total number of 
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neighborhoods in the Netherlands) because not all of the six 
neighborhood characteristics used in our study were available for 
them. Most of these neighborhoods are industrial or rural areas 
with no or few residents. Figure 2 shows the exclusion process for 
the pregnancy cases. 57.235 pregnancies were excluded for the 
birth weight analysis and 35.515 for the premature birth analysis 
due to missing individual values (3,5% and 2, 1 % of total registered 
pregnancies, respectively). 

Neighborhoods were defined as four-digit zip code areas. In 
2006, the year that the data of the neighborhood characteristics 
was collected, an average of 4080 individuals lived in each four- 
digit zip code area. This geographical unit is comparable to the 
size of a US 'census tract' that is defined for the purpose of taking a 
census and often used in comparable studies. The four-digit zip 
code geographical unit we used is considered suitable for 
contextual studies in the Netherlands as they show enough 
sociocultural homogeneity [5]. 

Individual characteristics 

Data on singleton pregnancies were obtained from the Nether- 
lands Perinatal Registry in the 2000-2008 dataset (www. 
perinatreg.nl). This registry contains 97% of all pregnancies in 
the Netherlands and has been collected by 94% of midwives, 99% 
of obstetricians, and 68% of pediatricians (including 100% of 
Neonatal Intensive Care Unit pediatricians). Descriptive statistics 
of the study population are provided in table 1 . The two outcome 
measures are birth weight (in grams) and premature birth 
(gestational age before 37 weeks). We included the following 
maternal covariates for both analyses: maternal age, parity and 
ethnicity. For the birth weight analysis we also adjusted for sex of 
infant and gestational age. 

We focus on low birth weight (adjusted for gestational age) and 
preterm births as these are the two most prevalent forms of 
perinatal morbidity and also the two most important predictors of 
perinatal mortality in the Netherlands. Low birth weight and 



preterm birth are also associated with important adverse physical 
and psycho-social long-term effects [27-29]. 

Ethnicity. Dutch law does not permit the routine utilisation 
or registration of ethnic origin in clinical settings. As yet, The 
Netherlands Perinatal Registry is exempt from this restriction. The 
classification of the Netherlands Perinatal Registry defines 
'ethnicity' along seven categories: Western Dutch, Western other 
(including women from other European countries, Australia, and 
the US), Mediterranean, (East) Asian, African, South Asian, or 
other non-Western. The African and South Asian groups are 
mainly composed of women from the former Dutch colonies 
Suriname and the Netherlands Antilles. The group of East Asian 
women mainly originates from Indonesia, which is also a former 
Dutch colony. The classification of ethnicity is made by the 
healthcare professional. This method of registering ethnicity is 
problematic in several ways (see 'discussion/limitations'). From a 
methodological standpoint, it is likely to produce classification 
error. As we were primarily interested in examining why Western 
women are at higher risk for adverse perinatal outcomes in poor 
neighborhoods, we opted for a crude binary classification of 
Western versus non- Western ethnic minority women. To do this, 
we defined the first two classes of the original classification as 
"Western" women and the other five classes were together defined 
as "non- Western ethnic minority" women. By collapsing into these 
simplified two categories, we sought to circumvent the misclassi- 
fication introduced by the method of ethnicity ascertainment on 
the registry records. Another advantage of this dichotomy is that is 
makes the results comparable to previous studies [5,6]. The 
limitations of such a dichotomous representation will be discussed 
later. 

Neighborhood characteristics 

We included neighborhood characteristics that have been 
shown to be associated with birth weight and/or preterm births 
(social capital, ethnic minority density, socioeconomic status and 
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Figure 1. Exclusion of neighborhoods. Legend: This figure shows how many neighborhoods were excluded from the analysis due to missing 

data in the various data sets providing neighborhood characteristics. 

doi:10.1371/journal.pone.0095873.g001 
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Individuals in Netherlands Perinatal 
Registry (PRN) sample: 1.620.315 



Total singleton births: 
1.584.800 



Multiple births excluded: 35.515 



Final sample of non-missing 
cases of singleton births for 
birth weight analysis: 
1.527.565 



Cases excluded with missing values 
for birth weight analysis: 57.235 





Cases excluded with missing values 


» 


for birth weight analysis: 35.515 



Final sample of non-missing cases of 
singleton births for premature birth 
analysis: 1.549.285 



Figure 2. Exclusion of pregnancies. Legend: This figure indicates the number of pregnancies excluded from the birth weight and the premature 

birth analysis, respectively. 

doi:1 0.1 371 /journal.pone.0095873.g002 



Table 1. Descriptive statistics of individual variables and perinatal outcomes, source = Perinatal Registration Netherlands, 2000- 
2008. 







N 


percentages 


Total singelton births 


1 .584.800 


97.80% 


Maternal age 


<25 jr 


188.795 


11.9% 


25-29 jr 


456.742 


28.8% 


30-34 jr 


621.528 


39.2% 


35-39 jr 


276.944 


17.5% 


>40 


40.791 


2.6% 


Parity 


Primiparous (first birth) 


729.943 


46.1% 


Muciparous (second or higher birth) 


854.424 


53.9% 


Ethnicity 


Western ethnicity 


1.358.355 


83.8% 


Non-Western ethnicity 


261.771 


16.2% 


Sex infant 


male 


814.117 


51.4% 


female 


769.959 


48.6% 


Small-for-gestational-age (SGA)* 


1 52.848 


9.6% 


Premature births (<37 week of gestation) 


97.353 


6.1% 


Birthweight in grams (mean, SD) 


3446.81 


594.3 (SD) 



*SGA= birth weight below 10th percentile for gestational age (Kloosterman, 1970). 
doi:1 0.1 371 /joumal.pone.0095873.t001 
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Table 2. Correlations of neighborhood variables. 





nj = 3422 
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3. Socio-economic status 


-,562** 


,346" 


1 








4. Urbanity 


,588" 


-,505" 


-,237** 


1 






5. Home maintenance 


-,281 " 


,278" 


,323** 


-,183" 


1 




6. Feeling of safety 


-,412" 


,385" 


,293** 


-,320" 


,264" 


1 



*p5=0.05, 

♦*ps0.01, 

***p<0.001. 

nj= numbers of neighborhoods. 
doi:1 0.1 371 /journal.pone.0095873.t002 



feeling of safety in neighborhood). Two other characteristics that 
have been shown to influence general health outcomes were also 
included (urbanity of neighborhood and home maintenance) [20] . 
The correlations of the neighborhood-level variables are indicated 
in table 2. 

Neighborhood home maintenance, (data source: Housing 
& Living Survey). We used home maintenance as a proxy for the 
environmental condition of a neighborhood. Maintenance was 
assessed with the question "Is your house in a bad condition?" 
Answer categories were on a 5-point scale from 'I totally agree' (1) 
to 'I totally do not agree' (5). Higher values thus indicate better 
maintenance. 

Urbanity, (data source: Housing & Living Survey). This 
variable indicates the degree of urbanity of the municipality of a 
neighborhood, measured by numbers of addresses per km2: 5) 
urban, more than 2499 addresses/km2; 4) semi-urban, 1500-2499 
addresses/km2; 3) intermediate urban-rural, 1000-1499 address- 
es/km2; 2) semirural, 500-999 addresses/km2; 1) rural, up to 499 
addresses per km2. 

Feeling of safety, (data source: Housing & Living Survey). 
This variable was addressed with the statement "I am scared of 
being harassed or assaulted in this neighborhood". Answer 
categories were on a 5-point scale from 'I totally agree' (1) to 'I 
totally do not agree' (5). Higher values thus indicate higher feeling 
of safety. 

Socioeconomic status, (data source: Netherlands Institute 
for Social Research). This is a composite measure for socioeco- 
nomic status. It provides information on average income, the 
percentage of people with low income, a low education, and the 
percentage of unemployed. A higher score indicates higher 
socioeconomic status. 

Ethnic minority density, (data source: Statistics Nether- 
lands). This variable provides the percentages of different non- 
Western ethnic minority people per neighborhood. For the 
purpose of this study, we grouped together the non-Western 
ethnic minority groups into the 'non-Western' category, as was 
done for the perinatal registry data (see section above 'ethnicity'). 

Neighborhood social capital, (data source: Housing & 
Living Survey). We used five items to construct this scale: 

a. contact with direct neighbors 

b. contact with other neighbors 

c. whether people in the neighborhood know each other 

d. whether neighbors are friendly to each other 

e. whether there is a friendly and sociable atmosphere in the 
neighborhood 



Response categories were on a 5-point Likert scale from 'I 
totally agree' (1) to 'I totally do not agree' (5) and were coded in 
such a way that higher values indicate higher social capital. We 
applied the 'ecometrics' methodology in order to calculate a 
neighborhood social capital score for each neighborhood (see the 
following section). More detailed information about the data sets is 
provided as supporting information (Table SI). 

Ecometrics 

We used an ecometrics analysis in order to aggregate social 
capital items at the individual level to the neighborhood level 
[30,31]. As Mohnen et al. (2011) outline, this approach accounts 
for: 1) between-neighborhood differences in individual character- 
istics that influence responses to items, 2) differences in numbers of 
respondents per neighborhood, and 3) nesting of the items within 
individuals (dependency between items on the individual level) as 
well as individuals within neighborhoods [20]. 

To calculate the neighborhood social capital score, we used a 
linear multilevel model with three levels: items, individuals, and 
neighborhoods. This 3-level analysis allowed us to take the nesting 
of social capital items within individuals and neighborhoods into 
account. The five items measuring social capital formed the 
dependent variables. The model was adjusted for eight individual 
characteristics that may influence respondents' perception of social 
capital: sex, age, ethnicity, education, income, employment status, 
home ownership, and years of residence in neighborhood. The 
variation in numbers of respondents per neighborhood is 
accounted for in the model by shrinking deviating neighborhoods 
with smaller number of respondents to the general average [32] . 

The model used is as follows: 



r ijk — /ooo " 



^2 u-iuD, 



mijk 



s i x & ' 

q=\ 



■ VQO/c + UQjk + eijk, 



T,j k is the response of item i of respondent j in neighborhood k, 
I'ooo i s m e grand mean of neighborhood social capital, m is the 
number of social capital variables (5, one being the reference 
category), D are item dummies, q is the number of individual-level 
adjusters (8), X are the adjusters, v denotes the neighborhood 
variance, u denotes individual variance and e denotes item 
variance. The neighborhood level residuals (v) from this model 
constitute the neighborhood social capital scores that are then used 
in the main analysis of this study (see below), with a higher value 
indicating a higher level of neighborhood social capital. 
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In this analysis, an average of 18,3 individuals were nested 
within a total of 3.495 neighborhoods. The reliability of ecometric 
calculations depends on the variance at all three levels [32]. Based 
on the estimator found in Hox [32], the reliability of our 
neighborhood social capital scale is acceptable at 0.595. This value 
can be interpreted in a similar manner as Cronbach's alpha in 
psychometrics. Finally, the correlation between the straightfor- 
ward aggregated measure of neighborhood social capital and that 
derived with the ecometrics approach is 0.77. The ecometrics 
analysis was performed using MLwiN 2.02. 

Analytical strategy 

We performed two separate multi-level analyses: a linear 
regression for birth weight (in grams) and a logistic regression 
for preterm birth defined as <37 weeks of gestation (0 — not 
preterm, 1 = preterm). We performed seven model specifications 
following the same pattern for both analyses. First, we estimated 
an empty model including only a random intercept for neighbor- 
hoods to assess the clustering of the outcome across neighbor- 
hoods. Then we sequentially added the individual and neighbor- 
hood characteristics as fixed effects. The seven models are 
presented in table 3 and 4. The interaction terms non-Western 
ethnicity*neighborhood social capital and non-Western ethnici- 
ty*ethnic minority density are included in the fifth and sixth 
models. Model 7 shows the full model with all individual and 
neighborhood level variables. We plotted the interaction terms for 
ethnicity and birth weight to further assess this result. In addition 
to these main analyses, we ran the same analysis as for birth weight 
using 'small-for-gestational-age' as the outcome, defined as birth 
weight below the 10th percentile for gestational age. Moreover, we 
also ran the main analyses using the aggregated neighborhood 
social capital score. All of these analyses were performed in SPSS 
20. 

The intraclass correlation for the logistic models was calculated 
using the following formula [33]: 

a 2 

ICC = 

ff 2 + 3 .2 9 , 



Results 

The average birth weight of infants in the Netherlands from 
2000-2008 is 3446.8 grams (SD = 594.3), and the prevalence of 
preterm births is 6.1%. More detailed descriptive statistics on the 
population are given in table 1 . As can be seen in tables 3 and 4, 
the estimates for all individual-level variables are in the expected 
direction and remain relatively stable across the models. Women 
who are under 25 or above 40 years of age, primiparous, and who 
belong to a non-Western ethnic minority group, tend to have 
infants with a lower weight and a higher risk for preterm birth. 
Moreover, female infants are likely to have lower birth weight. 

Table 2 indicates that neighborhoods with higher socioeco- 
nomic status tend to have lower ethnic minority density (corr. — 
0,57, p<0.001) and higher neighborhood social capital (corr. 0.35, 
p<0.001). The empty models of both regression analyses (results 
not shown) indicate that average birth weight and risk for preterm 
birth varies significandy across neighborhoods (1.0% and 0.7%, 
respectively, results not shown). The results of the regression 
models are shown in table 3 and 4. Even after controlling for 
individual compositional characteristics, we found a small but 
significant clustering of birth weight outcomes and prevalence of 
prematurity within neighborhoods. 



Model 3 of both regression models (table 3 and 4) shows that 
ethnic minority density is associated with a decrease in birth 
weight and an increase in risk for preterm births. As seen in 
models 4, the effect of ethnic minority density remains significant 
when controlling for other relevant neighborhood characteristics 
for both analyses. 

Model 6 shows the results of the interaction term neighborhood 
ethnic minority density * non- Western ethnicity, which indicates 
that higher ethnic minority density is associated with higher birth 
weight for infants of non- Western ethnic minority women as well 
as reduced risk for prematurity. The full models of both analyses 
(model 7) show that the effect of ethnic minority density on the 
outcome variables, as well as the interaction term of ethnic 
minority density and non-Western ethnicity, remains stable and 
highly significant. Figure 3 further explores this relationship for 
birth weight. It is based on values from model 7, where we 
adjusted for all individual and other neighborhood variables. This 
figure indicates that the birth weight of infants of Western women 
decreases as ethnic minority increases, while the birth weight of 
infants of non- Western women remains stable. 

The second models of table 3 and 4 show that neighborhood 
social capital is associated with increased birth weight, but not with 
a reduced risk for preterm births. However, the effect of 
neighborhood social capital becomes attenuated for birth weight 
after controlling for other neighborhood variables. Additional 
analyses (results not shown) indicate that 'feeling of safety' 
mediates the relationship between neighborhood social capital 
and birth weight. By adding the interaction term neighborhood 
social capital * non-Western ethnicity in model 5, we found that 
higher neighborhood social capital is associated with higher birth 
weight of infants among Western women (as compared to non- 
Western ethnic minority women). We did not find this interaction 
for preterm births. 

Additional analyses 

We ran both analyses mentioned above using the aggregated 
neighborhood social capital scores instead of the estimate derived 
from the ecometrics procedure. The beta coefficients and odds 
ratios of the aggregated social capital scores were slightly higher 
than those derived from the ecometrics procedure, but the same 
conclusions can be drawn based on the results. The analysis using 
'small-for-gestational-age' as the outcome shows that the same 
conclusions can be drawn from these results as for the birth weight 
analysis (results for these three additional analyses are not shown). 

Discussion 

In line with previous studies, we found a modest but significant 
clustering of birth weight outcomes and prevalence of prematurity 
across neighborhoods that is not due to compositional effects. This 
suggests that the context in which a pregnant woman lives matters 
for perinatal health in the Netherlands. More specifically, higher 
ethnic minority density was significantly associated with on 
average lower birth weight and an increased risk for prematurity, 
even after controlling for individual and other neighborhood 
characteristics. Similar to other studies done in English-speaking 
countries, ethnic minority density had an adverse effect on ethnic 
majority women, but not on ethnic minority women [16,23,24]. 

The effect size for neighborhood social capital was smaller than 
that for ethnic density for the birth weight analysis. When 
controlling for individual and other neighborhood characteristics, 
neighborhood social capital was significandy associated with 
higher birth weight for W estern women compared to non- Western 
ethnic minority women (model 5). Buka et al (2003) found that 
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Figure 3. Different association between ethnic minority density and ethnicity. Legend: This figure shows the interaction between 
increasing levels of ethnic minority density (EMD) at the neighborhood level and the birth weight of infants of Western and non-Western women. The 
birth weight of infants of Western women decreases with increasing ethnic density; while the birth weight of infants of non-Western women remains 
stable. 
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neighborhood social capital was associated with an increase in 
birth weight of infants of white women, but not of black women in 
the USA [9]. Interestingly, the latter study did not find an 
association between ethnic minority density and birth weight. 
Similar to other studies, we found that 'feeling of safety' was 
associated with increased birth weight in the full model and shown 
to mediate the association between neighborhood social capital 
and birth weight. This mediation could explain why the effect of 
neighborhood social capital was attenuated after the inclusion of 
feeling of safety in the regression models. 

In contrast to the birth weight analysis, neighborhood social 
capital was not significandy associated with premature birth rates. 
To our knowledge, no other studies have tested this association. 
More research is necessary to explore the disparate effect of 
neighborhood social capital on birth weight and prematurity. 

In the fully adjusted models, 'feeling of safety' in a neighbor- 
hood was associated with increased birth weight and lower risk for 
small-for-gestational age (OR 0.98, CI 0.97/0.99, results of full 
analysis not shown) but was not associated with risk for 
prematurity. Two studies in the USA show similar results for the 
association between a related neighborhood construct, namely 
'crime rate' and birth weight [10,16]. Pregnant women living in 
areas that are perceived to be unsafe tend to show higher levels of 
stress, which in return has been associated with an increased risk 
for premature births but possibly less with restricted fetal growth 
[16,34]. Therefore, the results of this study are not entirely 
conclusive. More research needs to be done to investigate how 
feeling of safety might be associated with birth weight, such as 
poor dietary patterns or maternal smoking, which are major risk 
factors for restricted fetal growth. 

Studies on neighborhood social capital and ethnic minority 
density and birth outcomes show comparable effect sizes as our 
study, with some studies showing slightly larger effect sizes, 
especially for neighborhood social capital [9,16,23]. This might be 
because some studies involved comparisons between the extreme 
ranges of exposure, for example comparing very poor neighbor- 
hoods to very wealthy neighborhoods. Moreover, it is interesting 
that this study found an association between neighborhood 



socioeconomic status and preterm births, whilst the study 
conducted in Amsterdam, the Netherlands, did not [8]. 

Interpretation 

Ethnicity as a protective factor. The results of this study 
help explain why two previous studies in the Netherlands [6,35] 
found that Western women have higher risks for adverse birth 
outcomes than non-Western ethnic minority women living in 
deprived neighborhoods. Our findings show that ethnic minority 
density is protective for the birth weight of infants and the rate of 
prematurity of non- Western ethnic minority women. At the same 
time, neighborhood social capital seems to be slightly protective 
for the birth weight of infants of Western women. More deprived 
neighborhoods show higher rates of ethnic minority density and 
lower levels of neighborhood social capital, hence explaining the 
relatively disadvantaged position of Western women in these areas. 

Most research on the individual determinants of health 
identifies 'ethnicity' (meaning: non- Western ethnic minority status) 
as only a risk factor for adverse (perinatal) health. This study shows 
that while ethnic minority status is indeed a risk factor at level 1 
(the individual level), it seems to act as a protective factor at level 2 
(the neighborhood) in higher ethnic minority density areas. For 
non-Western ethnic minority women, ethnic minority density 
seems to mitigate the negative influences of deprived neighbor- 
hoods, including lower socioeconomic status, home maintenance, 
and feeling of safety. 

Bonding social capital. As stated above, ethnic minority 
density seems to be protective for non-Western ethnic minority 
women but not for Western women, and the reverse was partially 
found for neighborhood social capital. As such, the protective 
influence of these factors accrue differentially for Western and 
non-Western ethnic minority women. It is possible that the 
variable ethnic minority density taps into the bonding social 
capital of non- Western groups, whilst neighborhood social capital 
reflects the bonding social capital of (the majority) Western groups. 
Bonding social capital has been conceptualized as derived from 
relationships amongst people that share common characteristics 
such as similar socioeconomic and sociodemographic status [36]. 
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People who are excluded from bonding social capital are typically 
also excluded from receiving associated benefits. 

Indeed, ethnic minority density has often been defined as a 
proxy for bonding social capital for ethnic minorities [22,37]. It 
has been hypothesized that the social capital of a given group 
increases as it becomes a larger proportion of the total population. 
At the same time, people who are part of the minority population 
(and hence a smaller proportion of population) in a neighborhood 
may face social exclusion and discrimination [22]. This suggests 
that non-Western ethnic minority women have more access to 
social capital than Western women in areas of high ethnic minority- 
density in the Netherlands. It should be noted that as we were not 
able to consider specific non-Western ethnic minority groups in 
this study, it remains unclear whether the social capital in high 
ethnic minority density areas are specific to non- Western residents 
from distinct backgrounds, for example second generation Turkish 
immigrants or Christian immigrants from Suriname. 

The national survey data from which our neighborhood social 
capital scores were derived may be primarily driven by the 
perception of majority Western respondents. The survey that 
provided the neighborhood social capital data is nationally- 
representative, and as such 82.7% of the respondents were 
Western. We did apply ecometrics when constructing the 
neighborhood social capital score, which helps to standardize the 
data, and smooth out variations due to the ethnic (and other) 
background characteristics of the respondents. However, the 
resulting score still represents the demographic tendencies of the 
overall survey sample. If neighborhood social capital measures 
bonding social capital of Western groups, this could help explain 
why this index was not associated with better birth outcomes for 
non- Western women. 

Mechanisms 

The mechanisms linking ethnic minority density and neighbor- 
hood social capital to birth outcomes remain poorly understood in 
the literature, and have yet to be investigated in the Netherlands. 
However, literature on social capital and health provides some 
suggestions for these mechanisms. Plausibly, these mechanisms 
also hold true for bonding social capital. Social capital has been 
conceptualized to affect health by: a) promoting the exchange of 
resources between residents, b) stimulating collective action to 
improve access to local services and amenities c) enforcing healthy 
norms of behavior, or conversely exerting informal social control 
over unhealthy behaviors, and d) facilitating more efficient 
diffusion of health related information [38,39], 

Applying the above-mentioned mechanisms to the case of 
premature births, it is possible that bonding social capital improves 
prevalence of prematurity directly by reducing levels of stress 
[22,34], for example by reducing exposure to discrimination. 
Bonding social capital might increase birth weight and reduce 
prematurity indirectly by stimulating healthier pregnancy-related 
behavior such as reduced maternal smoking or regular visits to 
prenatal care. More research is necessary to examine if 
neighborhoods with higher ethnic minority density tend to 
improve health-related and health care seeking behavior of non- 
Western ethnic minority women. 

Limitations and strengths 

Our study has several limitations. Due to the observational 
design of our study, we cannot rule out reverse causation, e.g., that 
poor perinatal health caused lower social capital. Another 
limitation of the design is that we cannot eliminate bias due to 
selection into different neighborhoods, meaning that healthy 
pregnant women move away from low social capital and high 



ethnic minority density neighborhoods. However, a study showed 
that selective migration is not a major contributor to health 
inequalities between neighborhoods in the Netherlands [40]. 
Another study showed that the vast majority of women who 
moved during the prenatal phase in the Netherlands remained in 
neighborhoods of comparable socioeconomic status (and presum- 
ably of comparable ethnic minority density and social capital 
status) [41]. 

We were not able to control for certain maternal characteristics 
that have been found to be associated with birth outcomes such as 
maternal socioeconomic status and smoking during pregnancy 
[42,43]. However, several of the individual characteristics we did 
use (age, parity, ethnicity, and prematurity for the birth weight 
analysis) are partial proxies for socioeconomic and lifestyle 
determinants of birth outcomes [5] . We also did not have data 
on the social capital of individuals from the Perinatal Registration 
Netherlands data set, which prevented us from testing the cross- 
level interactions between individual and neighborhood social 
capital with regards to birth outcomes [44,45]. 

Whilst the dichotomous grouping of Western and non- Western 
women has some major advantages for our analysis, as discussed in 
the methods section, it is also potentially problematic. This 
dichotomy lumps together diverse ethnic groups that may differ 
with respect to patterns of social capital, health behavior, and birth 
outcomes. Our study is unable to tease out the specific risks of the 
various ethnic groups. Moreover, the binary construction might 
also contribute to the perception of all non- Western ethnic groups 
as being the 'same', and reflecting a uniform ethnic minority 
'problem'. This is clearly an oversimplification, and studies on 
ethnic disparities need to be cognizant of how classifications of 
ethnicity chosen by researchers might contribute to (misconcep- 
tions about ethnic groups [46]. We do hope, however, that this 
study demonstrates that the perinatal health of majority and 
minority groups should be investigated within specific contexts. In 
fact, the results of this study indicate the protective effects of 
ethnicity, in contrast to most studies that underline ethnicity as 
solely as risk factor [46] . 

Our assessment of neighborhood social capital did not include 
questions about perceptions of trust between residents. Some 
researchers have argued that trust is not an integral part of the 
construct of social capital, but rather that it arises as a consequence 
of social interactions between members of a group, i.e. trust is a 
by-product of social capital, not a constituent part of it [47]. 
However, as outlined in the introduction, others have put forward 
that trust is an important psychological resource that lubricates the 
exchange of favors, acts of voluntarism, and collective action 
within social networks [48] . In other words, without trust, it would 
be very difficult to access or mobilize the resources that are 
embedded within social relations. Hence the fact that our survey 
did not include an assessment of trust is a limitation. Nonetheless, 
previous studies have also shown a strong correlation between 
perceptions of trust and other indicators of social capital, such as 
informal socializing, reciprocity exchanges, and collective efficacy 
[49]. Thus we believe that the omission of trust in our survey did 
not introduce a substantial bias in our results. 

Despite the above-mentioned limitations, this study also has 
several strengths. To our knowledge, this is the first study 
examining neighborhood effects on birth outcomes across an 
entire country, in this case the Netherlands, as all previous studies 
are limited to cities or regions. It is also the first study to enquire 
into the effects of neighborhood social capital and ethnic minority 
density on birth outcomes in the Netherlands. Moreover, it is one 
of the few studies to examine the association of a range of both 
physical (home maintenance, urbanity) and social (ethnic density, 
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neighborhood social capital, feeling of safety, socioeconomic 
status) neighborhood characteristics on birth outcomes. Another 
strength of this study is that it is one of the few to use a 
neighborhood social capital score derived via an ecometrics 
procedure, which improves reliability. 

Public health implications 

We found modest but significant effects of neighborhood level 
characteristics on average birth weight and risk for premature 
births. As such, policies targeting change at the neighborhood level 
have the potential to affect birth outcomes across entire 
neighborhoods. We recommend future research into the cost- 
effectiveness of interventions targeting change at the neighborhood 
versus the individual level (or both). Moreover, we suggest future 
studies that are able to incorporate more specific ethnic categories, 
for instance by using country of birth of pregnant women, and that 
of her father/ mother, or by using self-ascribed ethnicity. 
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